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(54) SINGLE-WIRE SPIRAL ANTENNA 

(57) Taking the spiral circumference. C. of a single 
wire spiral antenna as 2.3 X (X being the wavelength at 
the operating frequency), for example, the beam radi- 
ated from an axis 2 perpendicular to the antenna sur- 
face is tilted. The beam tilt angle changes with the spiral 
circumference. C. and the spiral circumference. C. Is set 
to between 2 X and 3 a. 
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Fig. lb 
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Description 
TECHNICAL FIELD 

The present Invention relates to a spiral antenna s 
constituted by a single wire, and more particularly, to a 
spiral antenna whereby a tilted beam can be formed. 

BACKGROUND ART 

10 

Communications using circular polarized waves are 
commonly conducted in the fields of mobile communi- 
cations and satellite communications. Helical antennas 
and spiral antennas capable of transmitting and receiv- 
ing circular polarized-waves are commonly employed In is 
communications using these circular polarized waves, 

A helical antenna has maximum directivity in the 
direction of its helical winding axis, whilst a primary 
mode spiral antenna has maximum directivity in a per- 
pendicular direction to the antenna surface. A second- 20 
ary mode spiral antenna has bidirectional radiation 
characteristics. 

However, in the field of communications, there are 
cases where a particular communications direction is 
required, as in satellite communications. If there is a 25 
specific communications direction in this way, then the 
antenna beam rnust be set such that it matches the 
angle of elevation and the azimuth angle thereof. 

Ther e for e , convent io nal l y , the antenna i s composed 

such that the angle of elevation of the antenna beam 30 
can be matched to the angle of elevation of the commu- 
nications direction by inclining the antenna itself, and 
the antenna as a whole is rotatable such that when it is 
mounted in a mobile station, it can be aligned with the 
azimuth angle of the communications direction. 3S 

However, if the antenna itself is inclined such that 
the beam emitted from the antenna has a specific angle 
of elevation, then the surface area of the antenna 
exposed to the wind increases and it becomes neces- 
sary to strengthen the antenna fixing means. Moreover. 40 
the height of the antenna increases and there is a risk 
that it may exceed a maximum height when it is 
mounted in a mobile station. 

Therefore, it is an object of the present invention to 
provided a single wire spiral antenna whereby the sur- 45 
face area of the antenna exposed to the wind can be 
reduced, the height of the device can be reduced, and 
the radiation beam of a circular polarized wave can be 
tilted. 

50 

DISCLOSURE OF THE INVENTION 

In order to achieve the aforementioned object, in 
the single wire spiral antenna of the present invention, a 
spiral antenna constituted by a single wire is positioned 55 
above the ground plane at a prescribed interval there- 
from and. taking the wavelength used as L, the spiral 
circumference of said spiral antenna is set to between 2 



X and 3 X. 

Furthermore, taking the wavelength used as \. the 
spiral circurnference of a spiral antenna element consti- 
tuted by a single wire is set to between 2X and 3X, and 
a plurality of said spiral antenna elements are posi- 
tioned above a reflective plate at a prescribed interval 
therefrom. 

In a single wire spiral antenna according to the 
present invention of this kind, it is possible to tilt a beam 
with respect to the axis perpendicular to the antenna 
surface, and by aligning the angle of elevation of the 
beam with the communications direction, the spiral 
antenna can be set up in a horizontal plane. Therefore, 
the set-up height of a spiral antenna capable of emitting 
a beam at a desired angle of elevation can be reduced, 
the surface area of the antenna exposed to wind can be 
reduced, and the antenna can be prevented from 
exceeding a height limit even when mounted in a mobile 
station. 

Furthermore, even if an array of single wire spiral 
antennas of this kind is formed, a plurality of antennas 
should be arranged in a horizontal direction, so there is 
no increase in the set-up height of the spiral antenna. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1a is a top view showing the composition of a 
mode for implementing a single wire spiral antenna 

anrnrriing tn the present invention: and Fia. 1b is a 

side view of same; 

Rg. 2 shows a radiation pattern in plane Y - Z of a 
single wire spiral antenna according to the present 
invention; 

Fig. 3 shows a radiation pattern in plane X - Y of a 
single wire spiral antenna according to the present 
invention; 

Fig. 4 shows a radiation pattern in plane X - Z' of a 
single wire spiral antenna according to the present 
invention; 

Fig. 5 shows a three-dimensional view of a radiation 
pattern of a single wire spiral antenna according to 
the present invention; 

Fig. 6 is a diagram for describing single wire spiral 
antennas according to the present invention formed 
into an array; 

Fig. 7 shows the composition of single wire spiral 
antennas according to the present invention formed 
into an array; 

Rg. 8a shows a radiation pattern in plane Y - Z of 
single wire spiral antennas according to the present 
invention formed into an array; and Fig. 8b shows a 
radiation pattern in plane X - Z' of same; and 
Fig. 9 illustrates axial ratio and gain characteristics 
with respect to frequency for single wire spiral 
antennas according to the present invention formed 
into an array. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

The composition of a mode for implementing a sin- 
gle wire spiral antenna according to the present inven- 
tion is shown is Fig. 1a and Fig. lb. Fig. la is a top view 
of a single wire spiral antenna and Fig. 1b is a side view 
of same. 

As shown in these diagrams, a single wire spiral 
antenna 1 is positioned such that the antenna surface is 
parallel to a ground plane 2 and separated from the 
ground plane 2 by an interval h. The spiral circumfer- 
ence, C, of this single wire spiral antenna 1 is set. for 
example, to approximately 2.3 k (X being the wave- 
length at the operating frequency.) and the interval h 
between the ground plane 2 and the single wire spiral 
antenna 1 is set to approximately 1/4 A,. 

A high-frequency signal of wavelength X is supplied 
to the single wire spiral antenna 1 from a coaxial cable 
3. The earth section of the coaxial cable 3 is connected 
to the ground plane 2, and the core wire is connected to 
the single wire spiral antenna 1. 

Fig. 2 shows a radiation pattern in plane Y • Z of a 
single wire spiral antenna 1 constituted in this way, 
when the antenna surface of the single wire spiral 
antenna 1 Is taken as plane X - Y and the direction per- 
pendicular to the antenna surface is taken as the Z axis. 
This radiation pattern is for a plane where the angle, ^, 
shown in Fig. la is 232**, and it can be seen that a fan 
beam having a beam tilt angle. 6. of 28* is formed. In 
other words, the direction of maximum radiation of the 
single wire spiral antenna 1 is the direction <|> s 232*". 6 = 
28*. The axial ratio in this case is a satisfactory figure of 
1 .9 dB and the gain is 8.2 dB. 

In this way. the single wire spiral antenna 1 accord- 
ing to the present invention is able to form a fan beam 
which is tilted from the direction perpendicular to the 
antenna surface. 

A radiation pattern in plane X - Y of the single wire 
spiral antenna 1 is shown in Fig. 3, but here the Z axis 
is inclined through the beam tilt angle (0 = 28**). From 
this radiation pattern also, it can be seen that the angle 
<t) of the direction of maximum radiation is ((> = 232**. Fig. 
4 shows a radiation pattern in plane X - Z' of the single 
wire spiral antenna 1. This Z' axis represents an axis 
inclined through the beam tilt angle (6 = 28*"). 

Fig. 5 shows a three-dimensional view of a radiation 
pattern of a single wire spiral antenna 1 . 

[f the spiral circumference C of the single wire spiral 
antenna 1 according to the present invention is between 
2 X and 3 X, then it is possible to tilt the beam formed 
thereby. In this case, if the spiral circumference C is 
changed, the beam tilt angle, 6. will also change. Fur- 
thermore, the interval h between the ground plate 2 and 
the single wire spiral antenna 1 is not limited to 1/4 k, 
but it should be in the vicinity of 1/4 a. 

Moreover, whilst the single wire spiral antenna 1 
can be formed from wire, it is also possible to form a sin- 
gle wire spiral antenna 1 onto a insulating film, and to fix 



the ground plate 2' and the single wire spiral antenna 1 
together by means of a dielectric such as a foamed 
material, or the like, positioned therebetween. 

Next. Fig. 7 shows the composition of a fbur*ele- 
5 ment array antenna using four single wire spiral anten- 
nas as illustrated in Fig. la and Fig. 1b. 

In this diagram. 1-1 - 1-4 are single wire spiral 
antenna elements, which are arranged at an interval h 
above a reflector 4. In this case, the spacing d between 
10 the single wire spiral antenna elements 1-1 - 1-4 is set 
to approximately 0.8 X, and the single wire spiral 
antenna elements 1-1 - 1-4 are rotated 218* to direction 
^ as shown in Fig. 6, such that the direction of maximum 
radiation of the antenna array is plane Y - Z. The interval 
15 h between the single wire spiral antenna elements 1-1 - 
1 -4 and the reflector 4 is set to approximately 1/4 X. 

Electricity is supplied to the single wire spiral 
antenna elements 1-1 - 1 -4 by means of a coaxial cable 
omitted from the drawing, and the electricity supply is 
20 set such that all of the single wire spiral antenna ele- 
ments 1-1 - 1 -4 are in phase with each other. 

Rg. 8 shows radiation pattei-ns for an antenna array 
composed as shown in Fig. 7. Fig, 8a is a radiation pat- 
tern in plane Y - Z; the beam tilt angle. 6. in the direction 
25 of maximum radiation is approximately 24'*. which 
diverges by approximately 4** from the figure for an inde- 
pendent single wire spiral antenna element. Fig. 8b 
shows a radiation pattern in plane X - Z\ and since the 
single wire spiral antenna elements 1-1-1-4 comprise 
30 an antenna an^ay in a horizontal direction, the beam 
forms a pencil beam in the direction of the azimuth 
angle. The Z* axis is an axis Inclined through the beam 
tilt angle (6 = 24') from the Z axis. 

Fig. 9 shows axial ratio and gain characteristics 
35 with respect to frequency for an antenna array consti- 
tuted as shown in Fig. 7. As Illustrated in this diagram, 
the axial ratio is a satisfactory figure of 3 dB or less 
across a wide frequency band from approximately 5.7 
GHz to approximately 7 GHz. Furthermore, the gain is 
40 also high with a maximum gain figure of 14.7 dB. and 
high gain can be obtained across a wide frequency 
band. In particular, when the operating frequency band 
is taken as 5.5 GHz - 7.0 GHz, the frequency bandwidth 
where the axial ratio is 3 dB or less with respect to the 
45 centre frequency thereof is a broad bandwidth of 
approximately 22%. 

The spiral circumference C of each single wire spi- 
ral antenna element 1-1 - 1-4 constituting the antenna 
array exceeds 2 X but is less than 3 X. In this case, if the 
50 spiral circumference C is changed, the beam tilt angle, 
e, also changes. Therefore, the beam from the single 
wire spiral antenna 1 can be aligned with the communi- 
cations direction by changing the spiral circumference 
C. 

55 The Interval h between the reflector 4 and the single 
wire spiral antenna elements 1-1 - 1-4 is not limited to 
1/4 X, but it should be in the region of 1/4 X. The spac- 
ing, d. between the single wire spiral antenna elements 
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1-1 - 1-4 is not limited to approximately 0.8 111. but it 
should be set such that the side lobes of the antenna 
array are optimized. 

Moreover, as shown in Fig. 7. a space having a die- 
lectric constant = 1 (vacuum) is formed between the s 
reflector 4 and the single wire spiral antenna elements 
1 -1 - 1 -4, but it is also possible for the reflector 4 and the 
single wire spiral antenna elements 1-1 - 1-4 to be fixed 
together by means of a dielectric such as a foamed 
material, or the like, positioned therebetween. In this io 
case, it is preferable for the single wire spiral antenna 
elements 1 -1 - 1 -4 to be formed onto an insulating film. 

As described above, since it is possible to tilt the 
beam of the single wire spiral antenna according to the 
present invention, it is able to form a low-profile antenna is 
when mounted in a mobile station. Therefore, the 
antenna can be installed readily, and its structure is also 
simplified. Furthermore, since the single wire spiral 
antenna according to the present Invention has an elec- 
tricity supply point in the centre of the antenna, even if 20 
the antenna is rotated within a horizontal plane, no 
irregularity in rotation occurs. 

When antennas according to tiie present invention 
are formed into an array, the size of tiie antenna system 
increases only in a horizontal direction, and therefore 2$ 
such an array can be used satisfactorily even when 
there are restrictions in the height direction. 

The frequencies cited in tiie description above are 
examples of the operating frequency of a single wire 
spiral antenna according to the present invention, but 30 
the device is not limited to these frequencies. 

INDUSTRIAL APPLICABILITY 

Since the present invention is constituted as ss 
described above, a beam can be tilted in the direction of 
the angle of elevation, and therefore the angle of eleva- 
tion of the beam can be aligned with the communica- 
tions direction, and the spiral antenna can be set up in a 
horizontal plane. Consequentiy. the set-up height of a 40 
spiral antenna whose beam is directed in a desired 
direction can be reduced, the surface area of the 
antenna exposed to wind can be reduced, and it is pos- 
sible to prevent the antenna from exceeding a height 
limit, even when it is mounted in a mobile station. 4S 

When single wire spiral antennas of this kind are 
arrayed, a plurality thereof should be arrayed in a hori- 
zontal direction, such that there is no increase in the 
set-up height of the spiral antenna. Thereby, it is possi- 
ble to prevent the antenna from exceeding height limits, so 

Claims 



a length between 2 X and 3 X. 

2. A single wire spiral antenna characterized in that, 
taking the wavelengtii used as K tiie spiral circum- 
ference of a spiral antenna element constituted by a 
single wire is set to a length between 2 X and 3 X. 
and a plurality of said spiral antenna elements are 
positioned above a reflector plate at a prescribed 
interval tiierefrom. 



1, A single wire spiral antenna characterized in that a 
spiral antenna positioned above a ground plane at a ss 
prescribed interval therefrom is constituted by a sin- 
gle wire and, taking the wavelength used as a. the 
spiral circumference of said spiral antenna is set to 
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Fig. la 
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Fig. 5 
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Fig. 8a 
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Fig. 9 
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